Fourier-transform Infrared (FT-IR) Spectroscopy measurements have been performed on the three-dimensional dilute antiferromagnet Fe x Zn 1−x F 2 with x = 0.99 ∼ 0.58 in far infrared (FIR) region. The FIR spectra are analyzed taking into account the ligand field and the local exchange interaction probability with J 1 ∼ J 3 ; |J 1 |, |J 3 | ≪ |J 2 |, where J 1 , J 2 and J 3 are the nearest neighbor, second nearest neighbor and third nearest neighbor exchange interaction constants, respectively. The concentration dependence of the FIR spectra at low temperature is qualitatively well reproduced by our analysis, though some detailed structure remains unexplained.
I. INTRODUCTION
The dilute antiferromagnet Fe x Zn 1−x F 2 has been studied extensively over the last two decades. In the concentrated region with x > 0.4, Fe x Zn 1−x F 2 is an ideal example of the random-exchange Ising model without an applied field, and it becomes a prototypical example of the random-field Ising model when the field is applied along the spin easy axis [1] .
Near and below the percolation threshold x p ∼ 0.24 [2] , Fe x Zn 1−x F 2 shows a cluster-glass behavior [3, 4] . Paduani et al. have investigated the magnetic excitations in Fe x Zn 1−x F 2 using inelastic neutron scattering techniques and have reported that the spectrum obtained at a low temperature can be reproduced with three Gaussian peaks [5] . No theoretical explanation has been given for this. In order to clarify the nature of the magnetic excitations in Fe x Zn 1−x F 2 , we have investigated the far infrared (FIR) spectra in Fe x Zn 1−x F 2 using a Fourier-transform Infrared (FT-IR) spectrophotometer with high resolution in zero field and tried to understand the results.
II. EXPERIMENTAL DETAILS
The single crystals of Fe x Zn 1−x F 2 were grown at UCSB by the Bridgman method. The platelets were polished to form a wedge in order to avoid the interference between light reflected from the upper plane and that from the lower plane of the sample. The strain at the surfaces of the sample, due to polishing, was removed by etching it in 70
• C HCl solution 23 µm thickness as a beamsplitter, and a Si-bolometer as a detector. The temperature, T , of the sample was controlled using a helium cryostat from the Oxford Instruments, U. K.
III. EXPERIMENTAL RESULTS
The T dependence of the FIR spectra of Fe 0.84 Zn 0.16 F 2 is shown in Fig. 1 as an example.
The main broad absorption peak line becomes broader and its position shifts gradually to the lower energy side as T increases below T N . Two smaller satellite peaks are visible at all temperatures. The higher energy one becomes broader as T increases, while the lower energy one becomes sharper. Above T N , no absorption is observed. This T dependence of the FIR spectra is found to be common to all the samples investigated.
The concentration dependence of the FIR spectrum of Fe x Zn 1−x F 2 at 5 K is shown in The oscillation in the spectrum of Fe 0.91 Zn 0.09 F 2 is considered to be an interference effect because this platelet is thicker than others. With increasing dilution, the absorption line becomes broader and its position shifts to lower energy. Taking into account the higher resolution of the FIR data that allows the main peak to be resolved into the two higher energy peaks, the spectrum of Fe 0.58 Zn 0.42 F 2 is consistent with the q = 0 spectrum of Fe 0.59 Zn 0.41 F 2 measured by neutron scattering [5] , except for the small lower energy peak in the FIR spectrum.
IV. DISCUSSION AND CONCLUSIONS
To analyze the FIR spectra of Fe 
where z is taken parallel to the crystalline c axis and D and E are the uniaxial and orthorhombic anisotropy constants. As is seen from Fig. 1 , the absorption intensity of the main signal decreases with increasing T . This means that the signal originates in the transition from the ground state. So, we assign the signals to the transition, from the ground state to the lowest excitation state, of which probability is suggested to be most dominant by matrix calculation of Hamiltonian of Eq. 1. The excitation energy, ∆E, for this transition to occur at T = 0 is
where [12] . The probability, p(i, n i ) that n i magnetic ions occupy the z i i th nearest neighbor sites is given by,
, with i > 0 and where x is the concentration of the magnetic ion. The sum of the local exchange interaction, J(n i ) = J(n 1 , n 2 , · · ·), and the probability that J(n i ) is operative, P (n i ) = P (n 1 , n 2 , · · ·), are described as J(n i ) = i J i n i and P (n i ) = i p(i, n i ), where J i describes the exchange interaction to the i th nearest neighbor. In the calculation, we consider the exchange interactions up to the third nearest neighbors. The values of parameters used are as follows: J 1 = +0.048 cm −1 , J 2 = -3.64 cm −1 , J 3 = -0.194 cm −1 [13] , z 1 = 2, z 2 = 8, and z 3 = 4. Taking into account the intrinsic line width of the experimental spectra, we calculate the spectrum by replacing J in Eq.
2 by the Gaussian distribution of the probability of the local exchange interaction. The absorption spectrum as a function of energy, A(E), is written readily as
where ∆E l and the width of the Gaussian distribution, σ, are parameters depending on the iron concentration x. The concentration dependence of the FIR spectrum of Fe x Zn 1−x F 2 calculated using Eq. 3 is shown in Fig. 3 . These spectra are qualitatively in good agreement with the main peak in the experimental data shown in Fig. 2 . The molecular field approximation does not reproduce the three peaks structure which was suggested from neutron scattering, but confirms the basics of the magnetic excitations of Fe x Zn 1−x F 2 .
In conclusion, we have studied the temperature dependence and concentration dependence of the FIR spectra of Fe x Zn 1−x F 2 . The overall width and position of the main cluster of peaks in each of the low temperature FIR spectra is reproduced qualitatively by a calculation based on a single-ion excitation model under a molecular field with the distribution of the local exchange interactions. The detailed structure is, however, not adequately explained and further theoretical work is warranted. In particular, the positions of the resolved multiple FIR peaks are not reproduced by the model, consistent with conclusions of the previous neutron scattering study [5] at x = 0.59. 
